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, Abstract. We have analysed the kinematics of a sample of 1 14 hot subdwarf stars. For 2/3 of the stars, new proper motions, 

spectroscopic and photometric data are presented. The vast majority of the stars show a kinematic behaviour that is similar to 
that of Thick Disk stars. Some stars have velocities rather fitting to solar, i.e. Thin Disk, kinematics. About ~15 objects have 
orbital velocities which differ considerably from those of Disk stars. These are members of the Galactic Halo. We investigated 
the velocity dispersions and calculated the orbits. Most stars feature orbits with disk character (eccentricity of less than 0.5), 
a few reach far above the Galactic plane and have very eccentric orbits (eccentricity of more than 0.7). The intermediate 
eccentricity range is poorly populated. This seems to indicate that the (Thick) Disk and the Halo are kinematically disjunct. 
Plotting a histogram of the orbit data points along z leads to the z-distance probability distribution of the star; doing this for 
the whole sample leads to the z-distance probability distribution of the sample. The logarithmic histogram shows two slopes, 
each representing the scale height of a population. The disk component has a scale height of 0.9 (+0.1) kpc, which is consistent 
' with earlier results and is similar to that of the Thick Disk. The other slope represents a component with a scale height ~7 kpc, 

a much flatter gradient than for the disk component. This shows that the vast majority of the sdBs are disk stars, but a Halo 
minority is present, too. The kinematic history and population membership of the sdB stars on the whole is different from that 
of the cooler HBA stars, which are predominantly or even exclusively Halo objects. This leads to the question, whether the 
Halo sdB stars are of similar origin as the HBA stars, or whether their kinematical behaviour possibly represents another origin, 
such as infalling stellar aggregates or inner disk events. 

h 

Key words, astrometry - Stars: kinematics - Stars: horizontal branch - Stars: Population II - Galaxy: Halo - Galaxy: structure 

c3 



oo 
in 

o 



Or 



1. Introduction method relies on a very large number of stars, which means 

that the statistical errors are small. On the downside, these stud- 



To understand the structure and evolution of galaxies it is es- ies heavily rdy on models> introducing uncertainties caused by 

sential to study the gaseous and stellar components of the possi bly poorly known input parameters. 
Milky Way. No other large galaxy gives us access to the spa- 

tial distribution and kinematics of stars in such detail. A vital Therefore many studies use a certain well defined star type 

aspect is the study of older stars, because it brings insight into as a tracer rather than a11 available stars ' In most cases mese 

the formation and evolution of the Galaxy and thus of galaxies tracers m evolved stars ' which ' while bein 8 relatively rare, are 

in general (assuming that our Galaxy is typical with no or only bri 8 ht 80 that studies usin S them extend dee P er into the S alax y- 

small peculiarities) Widely used objects are giants and horizontal branch (HB) stars 

_ , . (especially RR-Lyraes, because they are, as variables very eas- 
One approach to studying the distribution of stars is to con- ., . , .z. VT , . , , 
, „ . _ , , _ , . , lly identified). Nowadays the recent deep surveys enable stud- 
duct a star count over all stars in fields at different Galactic lat- . . , . 

, i_ . , „ , , . n j, j „. . , ies using very low mass main sequence stars as tracers as well 

ltudes such as done by Reid & Maiewski ( 1993). Fitting mod- , n ' a 

. , . : : — — , (Phlecs et al. 2000). 

els to account for luminosity class, metalhcity, completeness, 

distributions and number densities of populations etc. to the Studies of the spatial distribution of a sample of stars give 

raw results then leads to scale heights and space densities. This insight into the general structure of the Galaxy, e.g. revealing 

various populations of stars. Adding kinematical data gives us 

Send offprint requests to: M. Altmann access to the motions of the stars forming these groups. Stars 

* Based on data obtained at the 1.54 m telescope of the European belonging to different populations show widely differing kine- 

Southern Observatory, runs 58.D-0478, 60.D-0306, 62.L-0220, 64.L- matical behaviour. Some components of the Milky Way are 

0077, 64.H-0023(A), 65.H-0250, 65.H-0341(A) and 68.D-0192(A) rapidly rotating with little dispersion in the velocities of the 
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members while others show only little rotation but high dis- 
persions. These differences between the populations give us 
evidence of how these parts of the Galaxy are formed. Such 
studies have been conducted for quite a variety of different 
objec t types, such a s high proper motion st ars dCarnev et alJ 
Il996h. local dwarfs fschuster & Allenll 19971) or globular clus- 
ters Jpinescu et all 1 99711 19 99albl). The ki n ematics of sdB stars 
hav e been studied bv IColin et al J d 1994 . iTheill et alJ d 19971) 
and lde Boer et al.N 19971) . 

Blue subdwarf stars, such as sdB stars, are particularly 
suited for such a study because they have spectra that can be 
analysed with relatively simple methods. And since their spec- 
tra are quite unique, there are no other objects they can be easily 
confused with. 

Horizontal Branch stars (HB) are core helium burning ob- 
jects after the first red giant (RGB) phase. Their appearance de- 
pends on the mass of the hydrogen envelope they retain, while 
the He core mass is relatively constant over all types. 

Extreme HB stars (EHB) such as sdB stars only have a 
very thin H envelope of less than 0.02 M . HB stars hotter 
than about 10000 K have metal abundances heavily altered 
by effects of diffusion and levitation in their stable and non- 
convective atmospheres, as has been found by many studie s 
dBonifacio et alJll995l iMoehler et alll 19991 iBehr et al.lfl999l) . 
Since the present element abundances do represent the initial 
metal content, information of the population membership of 
hot HB stars is only accessible through their spatial distribu- 
tion and kinematics. 

The study presented here is a continuation of the work done 
by Ide Boer et alJ lll997l) . increasing the number of stars by a 
factor of almost three, adding some more local stars and stars 
from the HE-survey carried out by the Hamburger Sternwarte. 
These are on average a little further away than those of the 
PG-survey dGreen et al Jl 19861) used in the earlier work, but on 
the whole at significantly larger z-heights as most of them are 
located at higher Ga lactic latitudes than the PG-stars used in 
Ide Boer et alJdl997l) . With this enlarged sample, one can there- 
fore expect the probability to include Halo objects in the sam- 
ple to be larger, because their relative density is higher than 
near the Sun where disk stars dominate. 

Sect.|5]deals with the composition of our sample, data ac- 
quisition and reduction. In Sect. 12.1. 11 we discuss possibly se- 
lection effects induced by the sample composition. The analysis 
of the kinematics and orbits is described in Sect.|3 the deter- 
mination of a scale height from the orbits in Sect.|4] In Sect.|5] 
we discuss our results in a larger context. Finally Sect.[6]gives 
our conclusions and an outlook towards the future. 

2. Data and data reduction 

2.1. The sample 

The sample of 1 14 sdB/OB stars (sdOB stars are hotter ver- 
sions of sdB stars with T e ff of more than about 32 000 K fea- 
turing some He lines in their spectra. Since they are - un- 
like the even hotter sdO stars - generally believed to be HB- 
like stars we use the term sdB stars throughout this work) is 
composed of objects taken from several sources. 59 stars, lo- 



cated in the southern polar cap (SPC) of our galaxy have been 
taken from the Hamburg/ESO survey (HE). For these new data 
have been obtaine d. We furt her included the 41 objects pub- 
lished in Ide Boer et alJ d 19971), which were main ly taken from 
the Palomar Green catalogue dGreen et alj fl986). 17 stars with 
Hipparcos or Tycho 2 data 1 have also been included as well 
as one star (PG 1716+426) whose kinematics was analysed by 
lGefferlldl998l) . 

2.1 .1 . Selection effects due to sample composition? 

The sample of sdB stars discussed in this paper is the collec- 
tion of all relatively nearby stars we could lay our hands on. 
The sole criterion was, that we should have or could obtain, for 
each sdB star its distance, its radial velocity and its proper mo- 
tion. We have not aimed at obtaining and working with an ob- 
servationally unbiased sample. To show that this will not cause 
any problems in the results is the goal of the discussion of this 
section. For the present positions of the stars of the sample see 

Fig.m 

The main sources of our objects were the catalogues from 
the surveys PG and HE. The PG and HE surveys were con- 
ducted at high Galactic latitudes. These surveys are incomplete 
at the bright end (the PG for stars brighter than B ~ 12 mag, 
the HE ~ 13 mag) 2 . 

Thus nearby stars at high Galactic latitudes may be under- 
represented. However, since stars presently nearby may venture 
in time to almost any Galactic location (see Fig.Q, our sample 
must contain sufficient presently distant stars which at other 
times would have been near the Sun being then that bright, that 
they would have escaped the PG and HE surveys. 

The stars we found in the Hipparcos data base, which 
are mainly from the SB- survey of blue SGP objects 
(Slettebak & Brundagel Il97ll) . are relatively bright and thus 
nearby. 

The catalogues available normally do not (or rarely) contain 
stars presently at low Galactic latitudes. All of those low b stars 
having Thick Disk or Halo kinematics would at other times 
have been detected in surveys like PG and HE (see Fig.Q). Stars 
with that kind of kinematics are thus not underrepresented in 
our sample. Most of the stars presently in the disk (thus miss- 
ing from our sample) and which do have disk kinematics would 
always have been missed. Thus stars with Thin Disk like kine- 
matics are probably somewhat underrepresented in our sample. 

Summarising, in spite of having used data from various spe- 
cial catalogues dealing with particular observational selections 
of all stars available, our sample is only lacking (to an unknown 
amount) in stars with Thin Disk kinematics. 



1 Three obj ects (HP 205805, CD -38 222, PG 1519+640) are in 
common with Ide Boer et all ll997l) . We use here the Hipparcos or 
Tycho2 proper motion data which w as not yet available at the time 
of publication o flde Boer et alJ <1997l) . 

2 Th ese upper limits are not explicitly stated in IGreen eUril 
1 1986) but for the Hamburg survey they are stated in the de- 
scription of the catalogues: http://www.hs.uni-hamburg.de/ 
EN/For/Eng/Sur/index . html. 
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Fig. 1. Distribution of the stars of our sample today (full 
hexagons) and approximately half a revolution (100 Myr) ear- 
lier (open triangles) showing that our stars, now concentrated in 
a small volume, came in fact from all over the Galaxy. The left 
panel shows the distributions on the Galactic plane, the right 
panel shows the distributions perpendicular to the plane (along 
the X-axis). The full square and full circle show the position 
of the Sun today and 100 Myr ago respectively. The circle on 
the left panel shows the present galactocentric distance of the 
Sun. The Galactic centre is in the middle of both diagrams, the 
dashed lines show the zero line for each coordinate. 

2.2. Obtaining the data 

The data has been acquired over the pas t few years, mainly 
from the ESO La Silla. For the 41 stars of lde Boer etafl ill 9971) 
we took all of their data, except for a few cases. A few p roper 
motio ns have been taken from the Hipparcos catalogue (ESA 
119971) . some of the other data from various sources in the liter- 
ature (see Sect. 2.3). 

2.2.1 . Spectroscopic data 

The spectra of the southern HE-stars have been taken at La 
Silla, Chile, with the ESO 1.54m Danish telescope using the 
Danish Faint Object Spectrograph and Camera (DFOSC) cov- 
ering a spectral range from 3500-5500 A and with the ESO 
1.52m telescope using the Boiler and Chivens spectrograph 
covering a spectral range from 3500-7000 A. The spectral res- 
olution is about 5.0 and 5.5 A, respectively. In order to conduct 
the wavelength calibration, especially because radial velocities 
were to be derived, an emission lamp spectrum was taken af- 
ter the object spectrum, while the telescope was in the same 
position as during the object exposure. For th e flux calib ration 
spectra of the Oke-standard star Feige 110 (lOkall9 90) were 
obtained. Exposure times were between 120 s and 3600 s, de- 
pending on the brightness of the object. 

2.2.2. Astrometric and photometric data 

For each object photometry in B and V is required. For the 
astrometry images in bands in the redder part of the spectrum 
are needed to minimise effects from differential refraction (see 
e.g. iBrosche et alJll989i) . Therefore images were taken in B, 
V and R passbands. In order to calibrate the proper motions to 
the extragalactic reference frame, deep and relatively wide field 
exposures of the fields surrounding the stars are also needed. 



Data acquisition of CCD images for photometry and as sec- 
ond epoch material for the determination of proper motions has 
been combined wherever possible. 

The data was obtained with the 1.54 m Danish telescope 
and the DFOSC focal reducer at La Silla in January 1999, 
October 1999 and September 2000. The exposure times were 
between 600 s and 900 s (V and R only) for those obtained at La 
Silla. As the electronic gain of the CCD camera used for the La 
Silla images is such that the target star is overexposed in most 
cases, an additional short exposure was made with an exposure 
time of 5 to 120 s depending on the approximate magnitude of 
the star. To complete the photometry a short B expo sure was 
taken as well. On all nights Landolt standard stars JLandoltl 
1992) were taken at least twice per night, mostly three times 
per night. 

2.3. Data reduction and analysis 

2.3.1 . Spectroscopy: radial velocities, logg and r eff 

The spectra were reduced using the ESO-MIDAS package. 
After bias subtraction and flat field correction the background 
was subtracted and the one dimensional spectra were extracted 
from the two dimensional frames. Thereafter a wavelength cal- 
ibration was performed with calibration spectra recorded im- 
mediately after each stellar spectrum. Then all wavelength cal- 
ibrated spectra were corrected for atmospheric extinction using 
the extinction coefficients of La Silla (Tug 1977). 

The observed spectra (line profiles of Balmer, He I and 
He II lines) were then fitted to synthetic spectr a calcul ated 
from fully line blanketed LTE model atmospheres l lHeber et alJ 
2000) as well as hydrogen and h elium blanketed NLTE model 
atmospheres JNapiwotzkil 19971) . The model spectra were con- 
volved to match the spectrograph's resolution and shifted by 
the approximate radial veloc ity. The fittin g was accomplished 
using the fitting routine of Lemke which is based on 

the procedure of B ergeron et alJJl992l) and lSaffer et alJ {l994 ). 
The values of the fit parameters , log g and nHe, the helium 
abundance, will be published in Edel mann et alJ J2003I) . 

Spectroscopic distances were determined using the method 
of flux conservation. For this we first obtained the angular stel- 
lar diameter by comparing model atmospheric fluxes with the 
dereddened apparent V-magnitude. From the determined logg, 
the radii of the stars are calculated. We assume the mass of the 
sdB stars to be 0.50 M Q . The errors of log g are estimated to be 
0. 1 dex and for T e ff 2.5%. The error in the photometry is about 
0.02 mag. The error of the distances was determined by error 
propagation to be in the order of 10%. 

Finally radial velocities were derived from the centres of 
gravity for all Balmer and helium lines. 

The radial velocity of each star was then calculated by aver- 
aging the obtained single line velocities. These then were trans- 
formed to heliocentric values. The resulting radial velocities 
have an error of about 30 km s _1 . 

Some of the stars show signs of companions in their spec- 
tra. These spectroscopically obvious secondary components 
contribute significantly to the continuum flux. The routine we 
employed to fit spectral models to the spectra critically de- 
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pends on the local continuum. Therefore in the case of a bi- 
nary star the continuum of the secondary star must be taken 
care of. As this is a rather tedious procedure and only a few 
stars are affected we did not include these in our final sample. 
This does not apply for those stars taken from the literature 
which were measured using other fitting techniques, or in the 
case of SB 74 4, where th e secondary continuum was subtracted 
JUnglaub & Buesll99d 

sdB stars may be the result of close binary evolution. This 
means that even many of those that do not show any sign of 
binarity in their spectrum may have a close companion. The 
companion star, being too faint to show up in the spectrum 
(through spectral lines or a redder continuum), must either be 
a white dwarf or a low mass main-sequence star. Such unseen 
companions do not play a role for the method of the determina- 
tion of physical parameters. They however do play an important 
role for the radial velocity determination. Especially if the sec- 
ondary star is a white dwarf of similar or even higher mass than 
that of the sdB primary, the measured radial velocity may have 
a large amplitude - in some cases over 200 kms" 1 . Indeed, 
recent studies h ave found many stars with variable radial ve- 
locities (see e.g. lMaxted et al]20o"illMorales-Rueda et aIT2 002 
etc.). As far as possible we have used systemic radial velocities 
published in those studies and some by Marsh (priv. comm.). 
Unfortunately we only have access to a few values - for most 
of our stars we only have a single value. Luckily the amplitudes 
of the majority of the variable radial velocities are far less dra- 
matic, in the order of 50 km s or less. The percentage of close 
binaries is by no means certain - the most recent (Napiwotzki, 
Edelmann, priv. comm.) results show that only about 30% of 
the sdB stars do show a variation in their radial velocity in- 
deed, in contrast to two thirds as estimated in earlier studies. 
At present we cannot quantify the influence of variable radial 
velocities on our results; we will have to bear this problem in 
mind, and try to determine the systemic radial velocities of ob- 
jects with suspicious (i.e. very large) values in the future. 

2.3.2. Photometry 

The basic CCD data reduction, i.e. bias subtraction, flatfield 
correction 3 and correction of bad pixels and rows were accom- 
plished using the IRAF data reduction package which was also 
used for the subsequent photometric analysis. 

The photometric measurements were conducted using aper- 
ture photometry. The aperture diame ter used was 14", which is 
the size also used bv lLandolil d 1 992l) for his standard star pho- 
tometry as used to calibrate our measurements. For those stars, 
for which we could not derive an accurate magnitude (because 
the night was not photometric) we used values from the litera- 

3 Flat field correction was somewhat cumbersome. There were no- 
ticeably differing large scale structures on the twilight flats made in the 
evening and during the morning twilight, resulting in a residual gradi- 
ent remaining on the flat field corrected images as well. We therefore 
combined the long exposed object frames such that all stars could be 
eliminated. This sum image has the true flat gradient. The twilight flat 
was blurred and the original twilight flat was divided by the blurred 
one to get the small scale structure. This was then added to the science- 
frame flat, to be used for the final flat correction. 



ture, and in some cases if literature values were not available, 
their b y'c/ss-magnitudes. 

The majority of our stars is located at intermediate to very 
high Galactic latitudes. Nevertheless the photometry must be 
extinction corrected, to minimise systematic distance effects. 
Since almost all stars of our sample are located at |z| > 200 pc, 
thus likely above the Galactic dust layer, one can assume that 
all interstellar extinction is in front of the star. T herefore we de- 
cided t o use reddening maps , such a s those from lSchlegel et all 
dl998h or lBurstein & Heilesl Jl982h . The latter have no data for 
about 30% of our stars, namely those located near the SGP. 

The values tak en from ISchlegel et al.l |l99 8) are a little 
larger than those of lBurstein & Heilesl (Il982l) . Subtracting 0.02 
mag from their values, which the authors suggest to make the 
data comparable se ems to overdo i t . As a good compromise we 
decided to take the Schlegel et a i1 dl998l) reddenings, reduced 
by 0.01 mag. The very few resulting negative values were taken 
as E B - V = 0. 

For the majority of the stars Eb-v was below 0.02 mag, a 
few had an Eb-v of between 0.04 and 0.05. This means that a 
residual Eb-v will cause an error in the distances which is small 
compared to the influences of the other errors. For the stars for 
which we took the data from the literature we also used the 
extinction values from there. 

2.3.3. Astrometry 

1 st epoch material: The biggest problem encountered when 
determining proper motions of stars is the availability of suit- 
able 1 st epoch material. Before 1950 photographic plates taken 
are mostly only of areas of special interest with conspicuous 
objects. So one has to rely on whole sky surveys, such as the 
Palomar Observatory Sky Survey (POSS), and its southern ex- 
tension, the UK-Schmidt Survey. The latter was completed in 
the 1970's and early 1980's while the POSS was accomplished 
between 1948 and 1958. In recent times several scanned ver- 
sions of these plates became available, like the DSS or the 
APM dlrwin & McMahonll 19921 llrwin et alJfl994T) . The APM 
catalogue has been used for the determination of proper mo- 
tions of objects north of the equator in the past dde Boer et alJ 
Il997h . Unfortunately for 6 < -15°, the APM relies on recent 
plates, rendering it unsuitable as first epoch material. Therefore 
we took positions derived from the DSS. These scans have an 
image scale of 1.7"/pix and are made from the blue plates of 
the UK Schmidt-survey. This could present a problem, because 
blue light is more affected by differential refraction than red 
light. However, the plates were taken at very low airmass, most 
of them near the meridian. The declinations of our objects are 
between -17° and -55°, so they are not more than 25° off 
zenith when passing the meridian. 

Of the position determining methods generally used to get 
the plate coordinates, DAOPHOT is presumably not the best for 
digitised photographic plates, because it uses a PSF, and the 
PSFs of all photographic stellar images are different, in con- 
trast to those of CCD ima ges. For this reaso n we decided to 
use SEXTRACTOR dBertin & Arnoutsll 19961) . Comparing po- 
sitions derived using DAOPHOT and SEXTRACTOR shows a 
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good agreement for well exposed stars, with cr(Ax, Ay) 0.02 
pix, or 0.035". In order to compare DSS and APM positions, 
we derived proper motions for 9 stars taken from a field north of 
the equator using both sources of first epoch material. The stan- 
dard deviations of the differences between the pairs of proper 
motions was ~ 2.5 mas/yr. So we conclude that the error of 
the proper motions of the southern stars, which have a much 
smaller epoch difference, is about 4-5 mas/yr. Adding the error 
of the galaxy calibration, which is in the order of 1 - 2 mas/yr, 
the proper motions derived from DSS first epoch material are 
good to about 5-6 mas/yr. 

2 nd epoch material: As second epoch material, the same 
CCD-exposures were used as for the photometry (see Sect. 
2.2.2). The DFOSC data has an image scale of 0.39"/pix. For 
the determination of plate coordinates, SEXTRACTOR was 
used for the CCD-images as well. 

Reference catalogues: The third item required for the deriva- 
tion of proper motions is a reference catalogue of the field 
preferably including proper motions of its stars. However, 
for small-field astrometry, e.g. with CCD data, there are not 
enough stars with proper motions in a typical field. Even the 
Tycho-2 catalogue provides only about 1 to 5 entries in a 
DFOSC field of 13.7'xl3.7', almost all of which are saturated 
even on the shortest exposures. This means that we had to rely 
on catalogues without proper motions and had to accept that 
the resulting proper motions are relative ones, which have to be 
calibrated to an absolute reference frame. We accomplish this 
by using the background galaxies in the field which have by 
definition a zero proper motion (see below). 

We created a reference catalo gue based on our CCD-data 
using the USNO-A2.0 catalogue (Monet 1998) as start cata- 
logue. 

Reduction: The astrometric reduction was per formed using 
the B AP-software of Michael Geffert (see e.g. iGeffert et alJ 
119971) . In a two step iteration we first determined celestial posi- 
tions for each plate/CCD-frame, which were then averaged to 
give a catalogue with positions and proper motions. This cata- 
logue was then in turn used as new reference catalogue for the 
second iteration. For the plate reduction we used a plate model 
with 3rd order terms. 

The resulting errors (based alone on the second epoch, 
since there is only one first epoch position) are in the order 
of 1 mas/yr with only a few stars having an error larger than 2 
mas/yr. 

Calibration: As indicated above, the resulting proper motions 
are relative only. Therefore we transfer them to an absolute ref- 
erence frame using the background galaxies. For this one deter- 
mines the apparent galaxy proper motion centroid and subtracts 
this from the stellar proper motions. The galaxies are identified 
and separated from stars by criteria of FWHM of their images, 
SEXTRACTORS stellarity index and additional user defined 
selections to account for the larger error of FWHM for faint ob- 



jects. This method is well established and often used in galaxy 
searches. For each star we found between 15 and 120 galaxies, 
mostly between 40 and 70. The limiting factor is the 1 st epoch 
material; the long CCD exposures, which were used for galaxy 
searching, usually yielded several hundred galaxies. 

Unfortunately most background galaxies are very faint, 
show too much intrinsic (spectral dependent) structure, and are 
generally undersampled in the digitised photographic plates. 
Therefore the derived proper motions scatter considerably. To 
get rid of outliers we expunged objects deviating by more than 
2 cr. This gave us in general a standard deviation of 10 to 15 
mas/yr and a resulting error of 0.5 to 2.5 mas/yr in almost 
all cases. Such stand ard deviations are not unusual, given the 
difficulties described; lOiha et alJ 1119941) arrived at values of 8 
mas/yr for their standard deviation of the galaxy proper mo- 
tions, which is consistent with our value, since their epoch dif- 
ference is more than twice ours. The errors are almost as large 
as the values in all but a few cases. We nevertheless applied the 
galaxy calibration to put the proper motion in the extragalactic 
reference frame. 

2.4. The final sample 

The final sample consists of 114 sdB/OB stars. The observa- 
tional data and data derived from observations, such as posi- 
tions, V-magnitudes, distances, proper motions and radial ve- 
locities are shown in Tabled This applies to all data, the new 
data and older data from the liter ature. The val ues of log g and 
r e jfwill be published in Edelmann et al. (2003). 

3. Kinematics and orbits 

3.1. Calculating velocities and orbits 

The observational quantities a,6,d,/u a ,fj.s,Viad - shown in 
Tabled - ar e transformed into the X, Y ; Z, U, V, W system (fo r 
details, see lAltmann & de Boerl l2000l Ide Boer et ail Il997l) . 
Additionally the orbital velocities (the velocity component 
in the direction of Galactic rotation projected to the Galactic 
plane) and the velocities towards the Galactic centre <J>, kinetic 
energies and angular momenta are calculated 4 . The resulting 
values for each star are represented in Table|2 

Furthermore we calculated orbits for the stars of our 
sample using the Galactic gravitational potential model of 
lAllen & Santillanl Jl99lt> backward s in time over 10 Gvr i n 
steps of 1 Myr (for more details see Altma n~& de Boerl2 000). 

From the shape of the orbits we derived the apo- and peri- 
galactic distances, R a and R p , and the eccentricity (ecc) given 
by 



We also wish to consider the maximum distance a star reaches 
from the Galactic plane, z max . However, since the gravitational 

4 Because all of the stars are local (d < 5 kpc), U and W are quite 
similar to O and 0; however, especially for stars being well away from 
Y = kpc, and O become linear combinations of U and V. 
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Table 1. The observational data of the stars comprising our sample. The B - V, V - R and E B -v values are only listed for those 
stars with new data. 



Name 


a(2000.0)<S 


V 


B—V 


V- 


-R 


Eb-v 


d 


fj a cos 6 




Vrad 


Source" 




rhmsj 


[° ' "] 




[mag] 






[kpc] 


[mas/yr] 


[kms- 1 ] 




HE 0000-2355 


00 03 22.06 


-23 38 58.0 


13.29 


-0.25 


-0. 


13 


0.019 


0.76 


+9.2 


-14.4 


-64 




HE 0001-2443 


00 04 31.00 


-24 26 21.2 


13.88 


-0.26 


-0. 


14 


0.019 


0.82 


+7.0 


-29.0 


+20 




HE 0004-2737 


00 06 46.26 


-27 20 53.4 


13.97 


-0.28 


-0. 


16 


0.019 


0.71 


+20.1 


-7.6 


+27 




PG 0004+133 


00 07 33.77 


+ 13 35 57.6 


13.06 










1.41 


+3.0 


-25.0 


-37 


B+97 


HE 0021-2326 


00 23 59.33 


-23 09 53.9 


15.94 


-0.06 


+0. 


01 


0.018 


2.72 


+6.5 


-1.3 


-67 




HE 0031-2724 


00 33 53.89 


-27 08 24.1 


14.23 


-0.29 


-0. 


12 


0.015 


0.93 


-2.7 


+8.6 


-12 




SB 290 


00 42 58.31 


-38 07 37.3 


10.40 








0.013 


0.26 


+43.8 


-7.0 


-62 


HIP, AB00 


HD 4539 


00 47 29.22 


+09 58 55.7 


10.31 










0.17 


+4.1 


+24.0 


+3 


HIP 


PG 0039+049 


00 42 06.11 


+05 09 23.4 


12.88 










1.05 


+7.5 


-12.0 


+87 


B+97 


HE 0049-2928 


00 51 57.74 


-29 12 07.5 


15.78 


-0.22 


-0. 


12 


0.014 


2.20 


+ 15.4 


-17.5 


-15 




HE 0049-3059 


00 51 37.70 


-30 42 56.2 


14.41 


-0.24 


-0. 


13 


0.017 


1.22 


+ 16.9 


-2.1 


+52 




SB 410 


01 01 17.57 


-33 42 45.4 


12.63 








0.020 


0.54 


-11.0 


-12.9 


-56 


HIP 


Feige 1 1 


01 04 21.67 


+04 13 37.3 


12.06 










0.45 


+ 12.2 


-40.0 


+8 


B+97, M+99 


SB 459 


01 08 26.77 


-32 43 11.6 


12.30 








0.023 


0.44 


-7.7 


+ 1.7 


-24 


HIP 


HE 0123-2808 


01 25 33.35 


-27 53 04.7 


16.09 


-0.24 


-0. 


07 


0.016 


2.61 


+6.0 


-3.0 


+35 




HE 0127-4325 


01 29 11.44 


-43 10 27.8 


14.60 


-0.23 


-0. 


13 


0.018 


1.71 


+8.3 


+7.9 


+ 16 




PG 0133+114 


01 36 26.26 


+ 11 39 31.0 


12.28 










0.77 


+20.7 


-34.4 


+6 


M+02 


PHL 1079 


01 38 26.93 


+03 39 38.0 


13.28 










0.81 


+11.1 


-17.9 





B+97 


HE 0136-2758 


01 39 14.46 


-27 43 21.8 


16.17 


-0.23 


-0. 


14 


0.021 


2.20 


+ 15.6 


-22.9 


-159 




SB 707 


01 43 48.55 


-24 05 10.2 


11.77 








0.015 


0.26 


+88.4 


-46.2 


+30 


HIP 


PG 0142+148 


01 45 39.57 


+ 15 0441.5 


13.73 










1.17 


-17.4 


-0.4 


-131 


B+97 


SB 744 


01 48 44.04 


-26 36 12.8 


12.32 








0.016 


0.46 


+90.6 


-47.0 


+27 


HIP, KHD, UB 


HE 0151-3919 


01 53 11.20 


-39 04 18.0 


14.31 


-0.22 


-0. 


10 


0.014 


2.11 


-7.4 


-43.0 


-176 




PG 0212+148 


02 15 11.08 


+ 15 00 04.6 


14.48 










1.75 


-3.8 


-9.2 


+50 


B+97 


PG 0212+143 


02 15 41.60 


+ 14 29 18.0 


14.58 










1.85 


+ 11.2 


-1.4 


+77 


B+97 


HE 0218-3437 


02 20 59.75 


-34 23 35.2 


13.39 


-0.25 


-0. 


12 


0.018 


0.81 


+2.0 


-2.8 


+38 




HE 0218-4447 


02 20 24.43 


-44 33 28.5 


12.89 


-0.28 


-0. 


14 


0.016 


0.64 


+47.9 


+ 1.7 


-15 




HE 0221-3250 


02 23 58.15 


-32 36 32.6 


14.70 


-0.24 


-0. 


10 


0.016 


1.60 


+23.4 


-34.0 


-73 




HE 0230-4323 


02 32 54.68 


-43 10 27.8 


13.78 


-0.22 


-0. 


11 


0.023 


1.03 


-11.7 


-9.2 


-102 




HE 0231-3441 


02 34 00.25 


-34 27 54.9 


14.83 


-0.24 


-0. 


13 


0.022 


1.02 


+5.0 


+20.3 


-62 




PG 0242+132 


02 45 38.86 


+ 13 26 02.4 


13.22 










1.39 


+ 17.2 


-9.7 


+ 11 


B+97 


HE 0258-2158 


03 00 17.80 


-21 46 31.2 


14.65 


-0.22 


-0. 


11 


0.021 


1.78 


-0.8 


+2.2 


+72 




HE 0307-4554 


03 09 25.93 


-45 43 33.0 


15.06 


-0.21 


-0. 


10 


0.022 


1.02 


+23.7 


-7.4 


-31 




HE 0315-4244 


03 17 47.12 


-42 33 41.2 


16.92 


-0.22 


-0. 


09 


0.016 


5.21 


+4.1 


-4.5 


+ 121 




HE 0324-3749 


03 26 14.98 


-25 18 38.0 


14.62 


-0.24 


-0. 


13 


0.017 


1.14 


-0.8 


-10.8 


+74 




HE 0340-3820 


03 42 47.06 


-38 11 26.4 


14.77 


-0.28 


-0. 


15 


0.010 


1.43 


+4.2 


+7.8 


-66 




HE 0341-2449 


03 43 36.35 


-24 39 47.0 


14.89 


-0.28 


-0. 


16 


0.011 


1.13 


+20.0 


-5.0 


+ 10 




PG 0342+026 


03 45 34.58 


+02 47 52.8 


10.94 










0.36 


+8.6 


-28.9 


+ 13 


TYC, PI 


HE 0343-4748 


03 45 09.52 


-47 38 54.0 


14.19 


-0.17 


-0. 


07 


0.006 


2.12 


+5.8 


-2.7 


+44 




HE 0351-3536 


03 53 51.18 


-35 27 35.3 


14.11 


-0.23 


-0. 


11 


0.009 


0.86 


-0.6 


-8.2 


+64 




HE 0405-1719 


04 07 27.54 


-17 11 15.5 


14.00 


-0.28 


-0. 


14 


0.025 


0.91 


-2.6 


+ 15.8 


+70 




HE 0405-3839 


04 07 02.85 


-38 51 46.1 


14.39 


-0.26 


-0. 


12 


0.007 


1.47 


+5.2 


+2.8 


-44 




HE 0407-1956 


04 10 11.14 


-19 48 53.6 


13.61 








0.030 


0.96 


+ 13.9 


+41.7 


-6 


B+92 


HE 0410-4901 


04 11 30.17 


-48 53 48.0 


14.51 


-0.21 


-0. 


06 


0.017 


1.71 


+5.4 


+ 10.7 


-27 




HE 0419-2538 


04 22 04.17 


-25 31 00.5 


13.67 


-0.23 


-0. 


12 


0.044 


1.29 


+4.1 


-8.2 


-29 




HE 0429-2448 


04 31 28.29 


-24 41 56.8 


15.30 


-0.24 


-0. 


12 


0.048 


1.18 


-5.6 


-9.0 


+ 15 




HE 0442- 1746 


04 44 34.88 


-17 40 42.7 


15.15 


-0.27 


-0. 


15 


0.043 


1.26 


-5.3 


+ 11.5 


+ 18 




HE 0444-4945 


04 46 14.09 


-49 40 10.8 


15.11 


-0.26 


-0. 


12 


0.011 


1.53 


+9.4 


+23.9 


+75 




HE 0447-3654 


04 49 15.62 


-36 49 28.7 


14.55 


-0.25 


-0. 


12 


0.011 


1.12 


+ 16.5 


-20.1 


+ 128 




HE 0452-3654 


04 53 52.66 


-36 49 15.2 


13.86 


-0.27 


-0. 


13 


0.010 


0.86 


+7.4 


+9.8 


-62 




HE 0500-3518 


05 02 31.67 


-35 14 19.4 


15.04 


-0.23 


-0. 


11 


0.013 


1.29 


+8.3 


+ 15.8 


+ 19 




HE 0504-2041 


05 06 39.67 


-20 37 38.4 


14.96 


-0.25 


-0. 


11 


0.032 


1.44 


+7.1 


+2.3 


-11 




HE 0505-2228 


05 07 47.46 


-22 24 27.6 


15.55 


-0.26 


-0. 


09 


0.034 


1.19 


+ 16.6 


+ 1.1 


-12 




HE 0505-3833 


05 06 58.85 


-38 29 15.5 


14.18 


-0.24 


-0. 


12 


0.024 


0.93 


+3.1 


+6.5 


+69 




HE 0510-4023 


05 12 18.20 


-40 19 34.5 


14.84 


-0.22 


-0. 


08 


0.048 


1.51 


+3.3 


-6.2 


+49 




HE 0516-2311 


05 18 06.98 


-23 08 45.2 


15.60 








0.037 


2.27 


-17.9 


+ 17.8 


-12 


HE 


HE 0521-3914 


05 23 25.48 


-39 11 54.3 


15.55 








0.026 


1.82 


-15.0 


+ 11.2 


-87 


K+99 


HE 0523-1831 


05 25 31.32 


-18 29 08.6 


14.31 


-0.28 


-0. 


13 


0.058 


1.78 


+4.8 


-10.1 


-6 




HE 0532-4503 


05 33 40.50 


-45 01 35.3 


16.06 


-0.22 


-0. 


11 


0.037 


2.56 


+8.2 


-2.7 


-166 
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Name 


a-(2000.0)r5 


V 


B-V 


V-R 


Eg_y 


d 


y. a cos 6 


y"<5 


Vrad 


Source 




[ hms ] 


[° ' "] 




[mag] 




[kpc] 


[mas/yr] 


[kms -1 ] 




HE 0539-4246 


05 41 06.69 


-42 45 31.9 


14.80 


-0.20 


-0.11 


0.045 


1.28 


-0.2 


+3.7 


+71 




PG 0856+121 


08 59 02.72 


+ 11 56 24.7 


13.47 








0.99 


-19.4 


-19.8 


+85 


B+97 


PG 0907+123 


09 10 07.60 


+ 12 08 26.1 


13.94 








1.52 


+6.4 


-2.6 


+85 


B+97, M+02 


PG 0918+029 


09 21 28.23 


+02 46 02.2 


13.33 








1.04 


-28.5 


-20.0 


+ 104 


B+97, TM 


PG 0919+273 


09 22 39.83 


+27 02 26.2 


12.76 








0.35 


+22.9 


-19.8 


-65 


B+97 


PG 1101+249 


11 04 31.73 


+24 39 44.8 


12.79 








0.39 


-30.3 


+ 16.0 


-48 


B+97 


PG 1114+073 


11 16 49.67 


+06 59 30.8 


13.06 








0.45 


-12.3 


-14.4 


+9 


B+97, TM 


PG 1232-136 


12 35 18.92 


-13 55 09.3 


13.34 








0.57 


-46.4 


-1.7 


+55 


B+97 


PG 1233+427 


12 35 51.64 


+42 22 42.6 


12.04 








0.32 


+3.6 


-18.1 


+61 


B+97 


Feige 66 


12 37 23.52 


+25 03 59.9 


10.60 








0.18 


+2.7 


-26.7 


+ 1 


HIP, AB00 


PG 1256+278 


12 59 21.27 


+27 34 05.2 


14.25 








0.78 


-24.6 


+3.5 


+64 


B+97 


PG 1343-101 


13 46 08.07 


-10 26 48.2 


13.76 








0.72 


-28.0 


-3.7 


+49 


B+97 


HD 127493 


14 32 21.49 


-22 39 25.6 


10.04 








0.12 


-32.8 


-17.2 


+ 13 


HIP, AB00 


PG 1432+004 


14 35 19.83 


+00 13 48.0 


12.76 








0.76 


-9.4 


-25.8 


+ 1 


B+97, TM 


PG 1433+239 


14 35 20.36 


+23 45 27.5 


12.45 








0.47 


-3.5 


-18.5 


-56 


B+97 


PG 1452+198 


14 54 39.81 


+ 19 37 00.9 


12.48 








0.81 


-7.2 


-21.0 


+51 


B+97 


PG 1519+640 


15 20 31.32 


+63 52 08.0 


12.46 








0.65 


+28.1 


+41.2 


+2 


TYC, TM 


PG 1619+522 


16 20 38.74 


+52 06 08.8 


13.30 








0.77 


-3.6 


+9.0 


-52 


B+97, M+02 


HD 149382 


16 34 23.33 


-04 00 52.0 


8.87 








0.08 


-6.0 


-3.9 


+3 


HIP, AB00 


PG 1647+252 


16 49 08.97 


+25 10 05.7 


14.07 








0.71 


-3.8 


+ 12.3 


+26 


B+97 


PG 1708+602 


17 09 15.90 


+60 10 10.8 


13.48 








1.79 


-14.9 


+ 12.1 


-8 


B+97 


PG 1710+490 


17 12 18.74 


+48 58 35.9 


12.90 








0.72 


+10.8 


-7.0 


-54 


B+97, TM 


PG 1716+426 


17 18 03.54 


+42 34 18.4 


13.97 








1.20 


+7.1 


-21.8 


-4 


G98, M+02 


PG 1722+286 


17 24 11.97 


+28 35 26.9 


13.24 








0.87 


-4.0 


+ 10.0 


-34 


B+97, TM 


PG 1725+252 


17 27 57.39 


+25 08 35.7 


12.89 








0.66 


-17.7 


+9.0 


-60 


B+97, M+02 


PG 1738+505 


17 39 28.44 


+50 29 25.1 


13.15 








0.97 


-7.6 


+9.0 


+22 


B+97 


UV 1758+36 


18 00 18.86 


+36 28 56.3 


11.37 








0.20 


-28.2 


+7.3 





HIP 


HD 171858 


18 37 56.68 


-23 11 35.2 


9.85 








0.16 


-15.0 


-24.7 


+74 


HIP, M+02 


HE 2135-3749 


21 38 40.59 


-37 36 22.7 


13.93 


-0.23 


-0.14 


0.034 


0.72 


+5.3 


+6.0 


-156 




HD 205805 


21 39 10.61 


-46 05 51.5 


10.16 








0.20 


+76.4 


-9.9 


-57 


HIP, B+97 


HE 2154-4143 


21 58 01.98 


-41 28 49.7 


15.17 


-0.25 


-0.12 


0.019 


1.49 


+5.3 


+5.7 


-15 




HE 2155-1724 


21 58 15.92 


-17 09 45.3 


15.04 


-0.24 


-0.11 


0.046 


1.27 


+ 11.6 


-2.2 


-27 




HE 2156-1732 


21 59 30.14 


-17 18 21.6 


14.45 


-0.22 


-0.08 


0.041 


1.39 


+8.7 


-10.2 


-77 




HE 2156-3927 


21 59 35.50 


-39 13 14.8 


15.06 


-0.19 


-0.06 


0.019 


1.40 


+4.4 


+22.0 


-200 




HE 2201-2136 


22 04 06.71 


-20 59 09.3 


15.90 


-0.23 


-0.11 


0.038 


1.88 


+9.2 


-3.9 


-23 




PG 2204+035 


22 07 16.50 


+03 42 19.8 


14.25 








1.18 


+7.5 


-6.0 


+81 


B+97 


HE 2205-1952 


22 08 41.30 


-19 37 39.4 


14.59 


-0.28 


-0.14 


0.023 


1.01 


+7.5 


-8.8 


-52 




HE 2213-4158 


22 16 17.70 


-41 43 22.2 


16.15 


-0.34 


-0.12 


0.012 


3.95 


+5.6 


+ 10.3 


-4 




PG 2218+020 


22 21 24.83 


+02 16 18.6 


14.17 








1.15 


+ 1.1 


-11.8 


+21 


B+97 


HE 2222-3738 


22 24 56.43 


-37 23 30.2 


14.89 


-0.23 


-0.13 


0.016 


1.39 


+32.0 


-6.0 


-134 




PG 2226+094 


22 28 58.41 


+09 37 21.8 


14.08 








1.13 


+ 14.3 


+0.4 


-48 


B+97, TM 


PG 2259+134 


23 01 45.82 


+ 13 38 37.5 


14.48 








1.38 


+0.6 


-9.6 


+ 16 


B+97 


Feige 108* 


23 16 12.41 


-01 50 34.5 


12.96 








0.40 


-7.8 


-16.5 


+40 


B+97 


Feige 109* 


23 17 26.89 


+07 52 04.9 


13.76 








1.13 


-1.2 


+8.1 


-37 


B+97, TM 


PG 2337+070* 


23 40 04.83 


+07 17 11.0 


13.47 








0.77 


-19.1 


-37.4 


-27 


B+97 


HE 2337-2944 


23 40 15.33 


-29 27 59.8 


14.45 


-0.25 


-0.15 


0.019 


0.87 


+ 14.3 


+8.4 


-26 




HE 2340-2806 


23 42 41.39 


-27 50 01.6 


15.01 


-0.16 


-0.05 


0.017 


1.46 


+ 1.7 


+ 1 1.3 


-20 




SB 815 


23 44 22.00 


-34 27 00.4 


10.96 






0.013 


0.25 


-22.3 


-7.2 


+24 


HIP 


HF 2343-2944 


23 46 17.75 


-29 27 49.9 


15.06 


-0.21 


-0.13 


0.019 


1.29 


+5.5 


-15.2 


_o 




HE 2349-3135 


23 51 43.64 


-31 18 52.9 


15.91 


-0.28 


-0.11 


0.014 


2.08 


-6.6 


-1.9 


+ 180 




PG 2349+002* 


23 51 53.26 


+00 28 18.0 


13.28 








0.82 


-10.1 


-15.7 


-84 


B+97 


SB 884 


23 52 36.10 


-30 10 09.1 


12.09 






0.019 


0.37 


+30.4 


-13.2 


-3 


HIP 


HE 2355-3221 


23 58 22.47 


-32 04 39.1 


15.18 


-0.22 


-0.14 


0.012 


1.69 


-0.1 


-15.5 


+61 




PG 2358+107 


00 01 06.73 


+ 11 00 36.3 


13.62 








0.83 


-3.0 


-14.0 


-19 


B+97 


HE 2359-2844 


00 01 38.46 


-28 27 42.8 


16.62 






0.019 


1.53 


+7.8 


-12.0 


-129 


L+00 



": Dat a sourc es: unmarked , data from this work and from Edelmann et al. (2003), B+97=de Boer et al. 1 1997), AB00= Altmann & de Boei 
(2000), HH MESAI <1997l). Addi ti onal sources: Photometry: HE=Hamburg-Eso-Survev. K+99= lKoen et alj Jl999>). B+92=lBeers et af 
ll992h . L+00=lLamontagne et all feOOd). Spectroscopy (lo gg, T e S v rad ): TM= Marsh (pri y comm), M+99 ^Moran et alj Jl999h . 
M+0 2=lMorales-Rueda et alJ <2002l) PHMoehler et alJ <1990h . KHD ^Kilkenny et alj Jl988l) . UB jUnglaub & Buesl <1990h . 4. Astrometrv: 
T YC=lH0g et all feOOd) . G98 = beffertl fl998) 
*: lde Boer et alJll997l) . but revised values for the proper motions. 
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potential diminishes at larger galactocentric distance, w, we 
calculated 



the normalised z-extent of the orbit, which is more relevant than 
Zmax alone. The eccentricities and nze are also shown in Table|2] 
Finally we stress that we calculated the orbits for the long 
timespan of 10 Gyr only because it gives a better representation 
of the orbits' shapes. This applies in particular to low velocity 
Halo type stars taking a long time to complete one revolution. 
The reader should be aware that orbits are subject to gradual 
change over time due to gravitational interactions with local 
high density areas in the Galaxy. Therefore the orbit calculated 
over a certain time does not represent the true trajectory in the 
far past. 

The errors of the velocity components depend on the un- 
certainties of the input values, namely 10 % for the distances, 
30 kms -1 for the radial velocities and 5 mas/yr for the proper 
motions (which means an error in tangential velocity of about 
30 kms -1 at 1.5 kpc). For a star at a typical distance of 1.5 kpc 
this results in an error estimate of 35 kms~'. Stars at lower 
distance have a smaller error in the tangential velocity while 
objects further away have larger errors. 

Those stars with Hipparcos data, or with available systemic 
radial velocities have far smaller errors than indicated in this 
error estimation. In contrast to this, stars in undetected close 
binary systems (see Sect. l2.3.TV could have far more uncertain 
radial velocities. 

3.2. Analysis of the velocities and velocity dispersions 

For the majority of the objects, the orbital velocities have val- 
ues which are similar to thos e of disk stars. This ha s been fo und 
before by other studies, e.g. lde Boer et al.Nl997l) or lTheill et alJ 
ill 9971) . However a minor portion of the sample has orbital ve- 
locities that are significantly below or above those expected for 
disk stars (see Fig.|2}; some stars have even a near zero or even 
slightly negative orbital velocity. As seen in earlier studies, the 
majority of the sdB stars have velocities rather indicative of 
disk orbits, but with somewhat lower than that for Thin Disk 
stars, while the velocity dispersions are larger (see Table[3). 

cry is larger than expected for the Thick Disk alone, reflect- 
ing the fact that the Halo and Thin Disk components are present 
in our sdB sample. A significant old Thin Disk contribution can 
also be seen by looking at which is higher than what most 
studie s of Thick Disk kinematics arrive at (see e.g. lOiha et alJ 
11994) . However, due to the composition of the sample, which 
is certainly lacking stars currently located at low z-heights, we 
miss a fraction of the Thin Disk stars (see l2.1.lY 

The stars with large (between 250 and 300 kms _I ) are 
also evident in the Toomre diagram (Fig.[3), which shows the 
kinematic divergence of a sample of stars. In our case most data 
points are located within v pec < 100 km s _1 , with the region of 
v pec < 150 km s 1 also well populated for < ©lsr- This obvi- 
ous asymmetry shows a behaviour usually known as asymmet- 
ric drift. It means that kinematically hotter populations tend to 
rotate slower than kinematically cooler populations. The reason 




-100 100 200 300 400 500 

[kms- 1 ] 



Fig. 2. Histogram of the orbital velocities for all 110 stars 
of the sample. T he values for ©Thic k disk and <xq(TD, Disk) have 
been taken from lOiha et al.ldl994 . 

for this effect lies in the greater eccentricity of the orbits of such 
objects and will be discussed in greater detail in the analysis 
of the kinematic behaviour over the whole orbit (Sect. l3.3l2l . 
A few points lie further out, indicating a kinematic behaviour 
quite different from the rest of our sdB stars. The central con- 
centration is well filled to © ^ 300 kms 1 . At very low pecu- 
liar velocities (v pec - 30 kms -1 ) only relatively few points are 
present. 

The Bottlinger diagrams (Fig.|4) show a concentration of 
stars at low values of <£ and W respectively near ©lsr- However 
the concentration of data points does appear to be slightly 
shifted in respect to the <f>,W=0 axis. In both panels (but es- 
pecially in the one showing W, 0) the points seem to be some- 
what inhomogeneously distributed. Again a few stars deviate 
from the general concentration by a large degree. 

The stars of our sample show a behaviour which is kine- 
matically hotter than but not too different from that of the Sun. 
This implies that the majority of our stars belong to the Thick 
Disk because their orbital velocities are somewhat lower than 
those of stars with solar kinematics. A few stars have orbital 
velocities which differ a lot from those of the rest, either being 
far higher or lower than those of the rest. Two or perhaps three 
stars even have mildly retrograde orbits. These are presumably 
not disk stars but members of a non-rotating Halo population. 
Whether the stars having a high velocity and those with a low 
are of similar or different origin will be discussed in the 
next section, when the orbits are examined. This also applies 
to those disk stars which also have relatively high values. 

In order to find differences in kinematics in parts of our 
sample and to make a crude populationary separation we ap- 
plied simple cuts to the sample. The normal way to achieve this 
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Table 2. Positions, velocities (given in the Galactic euclidic system XYZ UVW and 0, 0) as well as the angular momentum L 
and morphological orbital data (R a , R p , z max and eccentricity (ecc), normalised z-extent (nze), see text) of all stars. 
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Table 2. Positions, velocities and morphological data of all stars (cont.) 



Name 


X 


Y 

[kpc] 


Z 


u 


V 

[km s~'] 


W 


O 

[km s- 1 ] 


z 

[kpc km s~'] 


R, 


[kpc] 




nze 


ecc 


HE 0523-1831 


-9.70 


-1.04 


-0.81 


+74 


+ 166 


+ 16 


-91 


+ 157 


+ 1531 


11.31 


5.28 


0.88 


0.08 


0.40 


HE 0532-4503 


-9.20 


-2.05 


-1.36 


+83 


+305 


+176 


+ 147 


+280 


+2641 


41.28 


7.79 


18.28 


0.47 


0.68 


HE 0539-4246 


-8.90 


-1.02 


-0.65 


-34 


+ 185 


-26 


+ 12 


+ 187 


+ 1678 


9.05 


6.77 


0.82 


0.09 


0.14 


PG 0856+121 


-9.16 


-0.49 


+0.55 


-74 


+ 116 


-46 


+68 


+ 120 


+ 1099 


9.80 


3.43 


1.33 


0.14 


0.48 


PG 0907+123 


-9.47 


-0.75 


+0.90 


-6 


+ 177 


+86 


-8 


+ 176 


+ 1676 


9.53 


7.44 


2.81 


0.31 


0.12 


PG 0918+029 


-9.06 


-0.65 


+0.59 


-101 


+89 


-75 


+94 


+96 


+874 


9.46 


6.88 


4.77 


0.28 


0.58 


PG 0919+273 


-8.74 


-0.09 


+0.24 


+87 


+221 


-16 


-89 


+220 


+ 1920 


10.74 


6.88 


0.30 


0.03 


0.29 


PG 1101+249 


-8.63 


-0.09 


+0.36 


-33 


+256 


-56 


+30 


+256 


+2209 


13.02 


8.47 


1.53 


0.12 


0.21 


PG 1114+073 


-8.58 


-0.21 


+0.39 





+ 197 


-4 


-5 


+ 197 


+ 1688 


8.60 


7.15 


0.41 


0.05 


0.10 


PG 1232-136 


-8.33 


-0.33 


+0.43 


-79 


+ 135 


+38 


+73 


+ 138 


+ 1152 


9.17 


3.72 


0.82 


0.09 


0.42 


PG 1233+427 


-8.56 


+0.06 


+0.31 


+ 17 


+227 


+74 


-15 


+227 


+ 1942 


10.11 


8.47 


1.78 


0.18 


0.09 


Feige 66 


-8.50 


-0.01 


+0.18 


+24 


+217 


+9 


-24 


+217 


+ 1841 


9.10 


7.76 


0.22 


0.02 


0.08 


PG 1256+278 


-8.48 


+0.02 


+0.78 


-71 


+ 197 


+75 


+72 


+ 196 


+ 1666 


10.68 


6.33 


2.19 


0.21 


0.26 


PG 1343-101 


-8.13 


-0.27 


+0.55 


-32 


+ 149 


+58 


+27 


+ 150 


+ 1217 


8.29 


4.42 


1.31 


0.16 


0.30 


HD 127493 


-8.42 


-0.05 


+0.07 


+ 10 


+212 


+ 15 


-11 


+212 


+ 1780 


8.53 


7.71 


0.20 


0.02 


0.05 


PG 1432+004 


-8.05 


-0.08 


+0.61 


+34 


+ 143 


-20 


-36 


+ 143 


+ 1151 


8.55 


3.68 


0.69 


0.08 


0.36 


PG 1433+239 


-8.34 


+0.10 


+0.43 


+ 14 


+ 189 


-44 


-12 


+ 189 


+ 1574 


8.41 


6.47 


0.90 


0.11 


0.13 


PG 1452+198 


-8.14 


+0.16 


+0.71 


+71 


+ 169 


+51 


-67 


+ 171 


+ 1388 


9.09 


5.13 


1.48 


0.16 


0.28 


PG 1519+640 


-8.58 


+0.44 


+0.47 


-54 


+332 


-93 


+71 


+329 


+2826 


29.98 


8.36 


4.89 


0.20 


0.56 


PG 1619+522 


-8.41 


+0.55 


+0.53 


-31 


+ 199 


-24 


+44 


+ 197 


+ 1658 


9.40 


7.05 


0.63 


0.08 


0.17 


HD 149382 


-8.43 


+0.01 


+0.04 


+ 13 


+233 


+ 11 


-13 


+233 


+ 1966 


9.64 


8.33 


0.13 


0.01 


0.07 


PG 1647+252 


-8.10 


+0.40 


+0.43 


-11 


+265 


+43 


+24 


+264 


+2142 


12.83 


8.01 


1.14 


0.09 


0.23 


PG 1708+602 


-8.48 


+ 1.45 


+ 1.05 


-108 


+ 164 


+95 


+ 134 


+ 143 


+ 1232 


12.05 


3.78 


3.75 


0.31 


0.52 


PG 1710+490 


-8.35 


+0.56 


+0.42 


+27 


+208 


-54 


-13 


+210 


+ 1755 


8.94 


8.05 


1.00 


0.13 


0.05 


PG 1716+426 


-8.12 


+0.91 


+0.68 


+ 128 


+211 


-44 


+ 105 


+230 


+ 1877 


12.73 


6.27 


1.38 


0.10 


0.35 


PG 1722+286 


-8.04 


+0.59 


+0.44 


-44 


+222 


+ 14 


+61 


+218 


+ 1760 


9.77 


6.20 


0.50 


0.06 


0.19 


PG 1725+252 


-8.11 


+0.43 


+0.32 


-51 


+ 180 


+33 


+61 


+ 177 


+ 1435 


10.08 


8.01 


1.64 


0.06 


0.27 


PG 1738+505 


-8.32 


+0.80 


+0.51 


-27 


+241 


+53 


+50 


+238 


+ 1987 


11.56 


7.68 


1.37 


0.12 


0.20 


UV0 1758+36 
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+0.16 


+0.08 
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8.89 


8.42 


0.46 


0.05 


0.03 
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-0.02 


+86 


+227 
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+227 
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11.74 


6.69 


0.03 


0.0025 


0.27 


HE 2135-3749 


-8.02 


+0.05 


-0.54 


-109 


+244 


+ 113 


+ 110 


+243 


+ 1951 


16.11 


6.83 


4.90 


0.32 


0.40 


HD 205805 


-8.37 


-0.02 


-0.15 


-82 


+225 


+3 


+82 


+225 


+ 1880 


11.48 


6.72 


0.19 


0.02 


0.20 


HE 2154-4143 


-7.58 


-0.01 


-1.17 


-32 


+270 


-7 


+32 


+270 


+2047 


13.04 


7.50 


1.78 


0.16 


0.27 


HE 2155-1724 


-7.84 


+0.51 


-0.96 


-54 


+203 


-18 


+67 


+ 199 


+ 1563 


9.42 


5.90 


1.11 


0.12 


0.23 


HE 2156-1732 


-7.78 


+0.56 


-1.05 


-51 


+ 136 


+ 15 


+61 


+ 132 


+ 1028 


8.33 


3.41 


1.18 


0.14 


0.42 


HE 2156-3927 


-7.65 


+0.04 


-1.11 


-153 


+370 


+ 141 


+155 


+369 


+2822 


61.63 


7.10 


21.26 


0.37 


0.79 


HE 2201-2136 


-7.52 


+0.63 


-1.47 


-56 


+ 183 


-30 


+71 


+ 178 


+ 1341 


8.93 


5.50 


1.72 


0.20 


0.24 


PG 2204+035 


-8.11 


+0.82 


-0.76 


+20 


+261 


-85 


+6 


+262 


+2132 


13.74 


8.15 


3.01 


0.22 


0.26 


HE 2205-1952 


-8.00 


+0.36 


-0.80 


-31 


+ 172 


+ 19 


+38 


+ 170 


+ 1363 


8.33 


5.12 


0.92 


0.11 


0.24 


HE 2213-4158 


-6.25 


-0.08 


-3.25 


-104 


+406 


-71 


+99 


+407 


+2544 


62.40 


7.02 


25.40 


0.44 


0.80 


PG 2218+020 


-8.16 


+0.76 


-0.80 


+43 


+201 


-41 


-24 


+205 


+ 1676 


8.56 


7.27 


1.21 


0.14 


0.08 


HE 2222-3738 


-7.76 


+0.07 


-1.17 


-227 


+ 147 


+ 12 


+228 


+ 145 


+ 1123 


16.53 


2.89 


2.55 


0.16 


0.70 


PG 2226+094 


-8.27 


+0.84 


-0.72 


-64 


+ 184 





+83 


+ 177 


+ 1468 


12.30 


7.17 


1.53 


0.08 


0.32 


PG 2259+134 


-8.43 


+ 1.03 


-0.91 


+39 


+20 


-44 


-14 


+212 


+ 1803 


8.79 


8.22 


1.38 


0.16 


0.03 


Feige 109 


-8.46 


+0.75 


-0.84 


-7 


+24 


+63 


+29 


+240 


+2033 


12.50 


8.38 


1.85 


0.19 


0.16 


Feige 108 


-8.45 


+0.22 


-0.33 


+43 


+238 


-33 


-37 


+239 


+2022 


10.95 


8.05 


0.75 


0.07 


0.15 


PG 2337-070 


-8.53 


+0.48 


-0.60 


+ 138 


+ 154 


-28 


+ 129 


+ 162 


+ 1381 


11.60 


4.32 


1.12 


0.10 


0.46 


HE 2337-2944 


-8.28 


+0.08 


-0.84 


-63 


+241 


+16 


+65 


+240 


+ 1986 


11.96 


7.42 


1.22 


0.10 


0.23 


HE 2340-2806 


-8.16 


+0.17 


-1.40 


-38 


+298 


+24 






+2428 


18.82 


8.09 


3.09 


0.17 


0.40 


SB 815 


-8.43 


+0.00 


-0.24 


+44 


+238 


-7 


-43 


+238 


+2009 


10.89 


7.86 


0.30 


0.03 


0.16 


HF 2S4S-9944 


-8.20 


+0.11 


-1.25 


+20 


+ 136 


+2 


-18 


+ 137 


+ 1120 


8.31 


3.88 


1.26 


0.15 


0.36 


HE 2349-3135 


-8.02 


+0.10 


-2.02 


+ 117 


+254 


-151 


+ 114 


+256 


+2050 


22.52 


7.68 


11.84 


0.61 


0.49 


PG 2349+002 


-8.52 


+0.42 


-0.70 


+76 


+ 163 


+61 


-68 


+ 167 


+ 1422 


9.69 


5.16 


1.62 


0.17 


0.31 


SB 884 


-8.42 


+0.02 


-0.36 


-28 


+ 191 


-1 


+28 


+ 191 


+ 1605 


8.69 


6.34 


0.37 


0.04 


0.16 


HE 2355-3221 


-8.14 


+0.04 


-1.65 


+78 


+ 126 


-43 


-77 


+ 126 


+ 1026 


9.00 


3.52 


2.33 


0.26 


0.44 


PG 2358+107 


-8.62 


+0.52 


-0.63 


+49 


+ 193 


-9 


-37 


+ 196 


+1691 


9.18 


6.73 


0.69 


0.08 


0.15 


HE 2359-2844 


-8.23 


+0.12 


-1.50 


-23 


+ 122 


+125 


+24 


+ 122 


+ 1002 


8.35 


4.79 


4.92 


0.70 


0.27 
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Table 3. UVW, 0<D velocities, angular momentum, eccentricities and nze with their dispersions for the 110 star sample. 



Subsample 


N 


u 


era 


V 


(Ty 


W 
[kms 


-'] 





< r e 


6 


O~0 


I z 

[kpc km 


o~ i 
s-'f 


ecc 


a 


nze 


<j„ ze 


all 


114 


-8 


74 


+ 198 


79 


+ 12 


64 


+ 198 


80 


+6 


74 


+ 1700 


705 


0.33 


0.22 


0.51 


2.74 


R < 8.5 kpc 


52 


-13 


60 


+208 


61 


+ 10 


53 


+208 


61 


+22 


62 


+ 1698 


465 


0.28 


0.18 


0.18 


0.42 


R > 8.5 kpc 


62 


-3 


70 


+ 196 


84 


+ 13 


72 


+ 196 


85 


-7 


79 


+ 1761 


902 


0.35 


0.23 


0.30 


0.49 


ecc < 0.55 


99 


-5 


59 


+ 198 


52 


+ 10 


55 


+ 199 


53 


+5 


58 


+ 1707 


460 


0.26 


0.13 


0.19 


0.36 


ecc > 0.55 


15 


-29 


136 


+ 196 


172 


+31 


102 


+ 193 


68 


+ 15 


138 


+ 1655 


1947 


0.78 


0.13 


2.57 


7.15 


Z < 0.25 kpc 


10 


+23 


46 


+225 


12 





24 


+225 


12 


-23 


47 


+1909 


97 


0.15 


0.09 


0.03 


0.03 


Z > 0.25 kpc 


104 


-11 


75 


+ 195 


82 


+14 


66 


+ 195 


84 


+9 


75 


+ 1680 


738 


0.34 


0.22 


0.55 


2.86 


Sun 


1 


+ 10 




+235 




+8 




+235 




-10 




+ 1998 




0.08 




0.01 





400 



V 300 



200 



J 00 




Fig. 3. Toomre diagram (0 versus velocity perpendicular to 
the Galactic plane) showing the kinematic divergence of the 
stars of our sample. The circles with values in kms~' indicate 
Vpec = -y/O 2 + W 2 + (0 - ©lsr) 2 - Note the asymmetry in the 
central condensation of data points with v pec < 150 kms 1 . A 
star denotes the LSR and a circle the Sun's values. 

is by using a non kinematic selection criterion such as metal- 
licity which is not possible in our case (see Sect. 1). For this 
reason we have to use kinematical criteria which unfortunately 
means introducing biases. First of all we divided our sample 
with simple criteria (Tabled- Cuts were made at R = 8.5 kpc, 
ecc - 0.55 and z = 0.25 kpc, to roughly separate Thin Disk, 
Thick Disk or Halo. However all populations samples created 
with these simple cuts still show contamination of other popu- 
lations. The two Disk components could not be reliably sepa- 
rated, while Disk and Halo seem to be generally well separated. 
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Fig. 4. Bottlinger and © — W diagrams of the stars of our sam- 
ple show the orbital velocity plotted against the two other com- 
ponents, the velocity towards the Galactic centre (<£, top) and 
perpendicular to the Galactic plane (W, bottom). A star denotes 
the LSR and a circle the Sun's values. 



3.3. The orbits 

3.3.1. Orbit morphology 

The morphologies of the orbits show large varieties and we 
show some exemplary orbits in Fig.|5] However most show 
box type orbits typical of Disk/Thick Disk stars. Six stars have 
chaotic orbits, or semi chaotic orbits. These are the stars ven- 
turing very close to the Galactic cen t re, lik e the majority of 
the HBA stars of Altmann & de Boer (2000). About the same 



number of stars have orbits going to very large galactocentric 
distances, one having its apogalacticon at ~160 kpc. These are 
the stars which have an orbital velocity much higher than that 
of the LSR, in some cases approaching the escape velocity of 
the Milky Way. 

The stars have orbits with eccentricities (see Fig.[6] left 
panel) spanning almost the complete range, however more than 
80% have ecc < 0.5. This is the region mainly populated by 
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Disk and Thick Disk stars. A minority has ecc > 0.7 with the 
intermediate zone somewhat underpopulated. This might mean 
that the sdBs are part of two kinematically quite distinct groups, 
namely one with orbits of small to medium eccentricity and an- 
other having very eccentric orbits. 

The distribution of the normalised z-extents of our sample 
(see Fig.|6] right panel) is more peaked than that of the values 
for ecc, almost all of the stars having nze < 0.4, but there is a 
long tail to high values. We do not see a separation at interme- 
diate nze values. However this is expected as nze is, amongst 
others, a measure for the inclination of an orbit. A group of 
stars all having small orbit inclinations will show up as a large 
peak at low values of nze in a histogram. In contrast to that, a 
group of stars having orbits with more random inclinations will 
populate the range of nze without any preferential value (except 
in the case of stellar streams or moving groups). This is basi- 
cally what can be seen in Fig.|6j namely a peak of a population 
of low nze stars and a level distribution of a group of stars with 
a large spread in orbit inclination. 

3.3.2. Analysis of the kinematics over the whole orbits 

The analysis of the current velocities (Sect. l3.2l gives impor- 
tant information about the kinematical behaviour and popu- 
lation membership of the sample. However velocities are in 
general not conserved quantities, and therefore change over 
time. Analysing a sample of stars solves this problem because 
mean values of the velocity components and their dispersions 
are conserved quantities. However they possibly suffer from 
selection effects. For example stars have, during a revolution 
around the Galactic centre, a considerable range in orbital ve- 
locity (e.g. the Sun has a m ; n of 203 kms~' and a © max of 
237 km s- 1 ). 

Furthermore, all stars spend most of the time at galacto- 
centric distances (m) near the turning points of the orbit, i.e. 
near the peri- and especially apogalactic distance. The second 
Keplerian law and the stellar density law of our Galaxy then 
leads to the result that the high velocity part of a sample is 
less populated than the low velocity end. For a sample of stars 
this means that the distribution of time related velocities is not 
necessarily a Gaussian but may be a broader, possibly even a 
bimodal distribution. 

Another consequence of the second Keplerian law is the 
asymmetric drift, i.e. the effect that a sample of stars generally 
stays behind the local standard of rest. This lagging behind de- 
pends on the eccentricity of a star's orbit; the more eccentric it 
is the more the mean orbital velocity deviates from ©lsr, an ef- 
fect clearly seen in Fig.Q For this reason a sample of stars with 
moderately eccentric orbits is on average slower in Galactic 
rotation than a sample of stars with near circular orbits. The 
Toomre diagram (Fig.|3j shows this effect especially well in 
the asymmetric distribution of data points, with more objects 
being at < ©lsr than at © > ©lsr- 

In Sect. l3.2l we noted that there are several stars with rela- 
tively high orbital velocities (0 > 250 km s _1 ). Looking at the 
values of along the complete orbits of these stars shows that 
the kinematics is very similar to that of stars having of less 



than 200 km s . This means that every sample of Thick Disk 
stars must have a number of objects having a significantly 
faster than the LSR (for solar like orbits the range in covered 
is much smaller). Now looking again at Fig.|2l one sees that 
the histogram peaks at ~220 km s and has a plateau down to 
150 kms -1 . The reason for this could be that the stars come 
from two populations, namely a kinematically hotter one, i.e. 
the Thick Disk, and a minority of stars, having much tighter 
orbits, representing the Thin Disk. 

In Fig.^we plotted the current and median values of the 
orbital velocities © against the eccentricities and normalised z- 
extents of the stars. In the upper left panel of Fig.0one can see 
that most of the stars have low to moderate eccentricity orbits 
but a group has high ecc values with a less populated region 
near ecc = 0.6 (which was already evident in the histogram 
of Fig.HJl. Moreover it is apparent that while there are more 
stars having a © smaller than ©lsr, about 1/4 of the objects 
have higher velocities. As of the stars changes over time we 
plotted the median of over the whole orbit 5 . 

To show the complete range of variation in we also plot- 
ted the maximum and minimum values in the upper right panel 
of Fig.0 The me d all lie on a line, except those of the retro- 
grade orbits. Some deviate a little from this line. These are stars 
on somewhat more inclined orbits having a higher W velocity 
component (which also adds to the velocity supporting the or- 
bit; a star on a higher inclined orbit can have a less eccentric 
orbit with the same orbital velocity, because of its larger W ve- 
locity component). Again, the two groups of stars can be seen 
as well as the division at ecc = 0.55. At ecc < 0.2 the trend 
in © me d is small, and at higher values it gets more pronounced. 
Again the Thin Disk part, if it exists, makes up a large part of 
this low ecc group. 

In the lower two panels of Fig. plots of log nze (log nze 
because most values of nze are clumped together at low values) 
against ©, me d are shown. The left panel shows the distribu- 
tion of nze of our sample. The central condensation marks the 
majority of disk stars, and the outliers towards low or very high 
are the Halo stars. The spur towards low nze at LSR veloci- 
ties consists of datapoints of solar type orbits. 

On the plot log nze versus me d the different subdivisions 
of our sample can be seen even better, on the left are the Halo 
stars, which have a low me d (the high velocity Halo stars lie 
in the far left of this diagram). The bulk of the Thick Disk 
stars cluster around me d = 200 kms -1 , log/ize = -0.9, and 
the solar kinematics extension protrudes towards the bottom of 
the diagram. At values of log nze > -0.7 there seems to be 
a gap appearing between ©lsr and the data points. It is pos- 
sible that the Thin Disk population represented by the spur 
more or less ends at this point (which corresponds to a z max 
of ~ 1.7 kpc or 5 - 6 Thin Disk scale heights). The stars hav- 
ing a © m ed of more than about 190 kms -1 as well as nze of 
less than ~0.2 (log nze = -0.7) are the prime candidates for the 
Thin Disk component. 



5 We took the median rather than the mean because it separates the 
values a little more, and for all except the highly eccentric orbits there 
is only a minor difference between both values. 
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XZr [kpc] 

Fig. 5. Examples of orbits of sdB stars. The orbits are depicted as meridional plots and calculated over a timespan of 10 Gyr. The 
triangle denotes the current position of each star and the cross the current position of the Sun. Note that this figure does not attempt 
to be representative of the sample but to show all types of orbits of o ur stars. Stars with Ha lo type orbits are overrepresented in 
this plot. For the orbit of the Sun (being a Thin Disk star) see Fig. 1 of de Boe r et alJ 0997I) . 
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ecc nze 
Fig. 6. Histograms showing the distributions of ecc (left panel) 
and nze (right panel) for the stars of the sample. Note the peaks 
at low values in ecc and nze and the local minimum in the dis- 
tribution of the eccentricities near ecc-0.55. 



So potentially the lower right plot of Fig.0is a suitable tool 
to kinematically separate Thin and Thick disk stars, if these 
populations are kinematically detached at all. 



Another method of analysing the kinematics of stars is us- 
ing the kinetic energy (or total velocity). In Fig. [8] we plotted 
the kinetic energy 2 • E^ n /m = U 2 + V 2 + W 2 against 0. The 
parabolas plotted in Fig.[8]are lines of equal v± (velocity or- 
thogonal to 0). This velocity is, together with - ©lsr a mea- 
sure of kinetic temperature, the higher its value the more an 
object's orbit deviates from a circular orbit. For low values of 
Vj_, the deviation from ©lsr gives information about the ki- 
netic temperature. As can be easily seen, most of the values 
cluster around the LSR on a banana shaped region alongside 
the Vj_ = kms _I isovelocity line. This clustering means that 
the majority of them is kinematically relatively cool. A few 
stars are located further away, and in some cases quite far away 
from the v± = kms 1 contour. These are the kinematically 
hot stars. Another reason that most of our stars have quite low 
v± values is that most stars are near their orbital turning points 
(see the top of this subsection), i.e. their apo- or perigalacticon. 
In these orbital phases the cD component is minimised. 

As the current and E^ n are just snapshot values, we also 
calculated the median of both quantities using the whole orbit 
and plotted these in Fig.|8]as well. These data points lie nicely 
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Fig. 7. Plots against ecc and lognze: On the left side the 
current values of are plotted, on the right side the median 
0. In the upper right panel the maximum (open triangles) and 
minimum (crosses) in the orbit are plotted as well. The Sun's 
values are represented by the open circles and in the upper right 
panel as the open square and star, log nze is used rather than nze 
to gain access to more detail at low values. The dashed lines 
indicate the border between prograde and retrograde motion 
and the ©lsr at 220 km s _1 . 




©[km s- 1 ] 

Fig. 8. Diagram of as well as me d against the total ki- 
netic energy (£ki n )- Open symbols represent current values of 
and £kj n , smaller filled hexagons medianised values (0 me d, 
£kin,med)- The parabolic curves denote lines of equal orthogo- 
nal velocity (v x , the velocity perpendicular to 0). Most of the 
stars cluster around the LSR along the low v x . The medianised 
values lie on an almost straight line pointing from the LSR to- 
wards the lower left. The LSR is marked by a star, the Sun's 
current values by a circle, its medianised one by a triangle. 



on a line pointing towards lower and lower E^ n away from 
the LSR. There is a gap near = 110 kms" 1 . Stars located 
to the left of this gap have rather hot orbits. Their consider- 
able dispersion in inclination is shown by the spread along the 
line (caused by the W velocity component). They represent the 
Halo population. The stars at > 110 kms 1 are the Disk 
stars. Clearly the asymmetric drift of each star can be seen. 
The warmer an orbit is kinematically (seen by increasing v ± ), 
the lower its orbital velocity is. 

Considering and me d in Fig.[3] there is (similar to 
what we saw in Figs.[6]and0 a clear division between the Halo 
and Thick Disk with the division line here being at = 110 
kms 1 . Dividing Thick and Thin Disk is not so straightfor- 
ward. Perhaps only the distribution of a sample complete to 
the Galactic plane will lead to a separation of these two kine- 
matical populations. 

To conclude, analysing the kinematics of the whole orbits 
instead of just the current velocity gives further insight into 
the kinematic behaviour of a group of stars. In our case the 
Halo and Disk components of our sample are clearly discerned 
(Figs.il Cl&|8j. Of the 1 14 stars, 16 (14%) belong to the hith- 
erto unknown Halo group, the rest are Disk stars 6 . Thin and 
Thick Disk groups cannot really be separated, at least not with 

6 A further candidate may be HE 2349-3135, which, while having 
0=256 kms - ' and an orbit eccentricity of 0.49 (these values would 



the current sample, which is perhaps lacking in Thin Disk stars. 
Possibly the kinematics of both disk components are not really 
disjunct so that for a detailed analysis statistically complete dis- 
tributions are required. 

4. Determining a scale height for the stars using 
their orbits 

4.1. z-probability plot and scale height 

We have derived the z-distribution 7 of our samp le of 1 14 stars 
using the orbits of the stars, as done before in Ide Boer et alJ 
(Il997t) for 41 stars. The program used to calculate the orbits 
does so for a fixed time per step, in our case 1 Myr. Plotting a 

classify it as a Disk star), travels to 12 kpc above the Galactic plane. 
This is rather typical for Halo stars. Therefore its status is unclear; we 
do not count it as a Halo star when stating the percentage of Halo stars, 
but do include it in our kinetically selected Halo sample which is also 
used for the scale height determination. 

7 z is the (positive) distance between the Galactic plane and a point 
(such as a star) while Z means the Z-coordinate of the point in the 
XYZ, UVW system. Technically we are determining the Z-probability 
distribution, because we are measuring the slope above and below the 
Galactic plane, i.e. for Z < kpc and Z > kpc. Assuming the sym- 
metry of the disk in Z direction both slopes will have similar values 
and can therefore be averaged to one, namely the z-distribution. 
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Fig. 9. Histogram of the z-distance statistics of all the stars of 
the sample. The logarithmic distribution clearly shows the two 
components (see also Sect. l4.1> . Fits using data within the dash- 
dotted verticals lead to the scale heights as given in Table0] The 
binsize is 50 pc. 



histogram of the orbit in m or z leads to the m resp. z probability 
distribution for the star, i.e. the probability to find the star at a 
certain vr or z distance. Plotting the histogram for the whole 
sample (by adding up the individual histograms) leads to the 
probability distribution for the complete group. From this the 
z-density gradient of the sample can be deduced. One may now 
fit an exponential distribution and determine the scale height 
using the relation 

lnAT(z) = lnAr --, (3) 

zo 

with N(z) being the number density at z, No being the density at 
z — kpc, and zo the scale height. The scale height is the recip- 
rocal value of the slope of the InN distribution. As we do not 
have a defined volume in which the stars are located we are un- 
able to determine absolute values for N(z) and A^o- What we can 
determine, however, are relative values of the form N\ (0) /A^CO) 
in the case that there are two or more slopes. 

Th e method is described in greater detail in d e Boer et alJ 
The z-distribution is depicted in logarithmic form in 

Fig.|5] clearly shows that our distribution consists of two 
components with different z-distributions, a central one with 
a steep slope and an outer shallow distribution. Fitting linear 
equations to the various regions leads us to scale heights of 
1.0 (±0.1) kpc for the central (steep) part and 7 (+2) kpc for 
the outer (shallow) parts. For the fit of the steep slope we used 
a fitting interval of [0.7,4] and [-4,-0.7] kpc and [7,17] resp. 



[-18,-7] kpc for the shallow slope 8 . The results for the upper 
(Z > kpc) and lower (Z < kpc) half of the distribution are: 

for the central part: 

Zo,+ = 1.04 kpc, zo,- =0.93 kpc 

for the outer parts: 

Zo,+ = 7.2 kpc, zo _ = 6.5 kpc. 
The main reason for the greater uncertainty for the outer part 
is that this relies on only a small group of stars and therefore 
suffers from small number statistics. On the whole the result 
fo r the component with the steep slope is very similar to that 
of lde Boer et alJ il 19971) based on a sample only 1/3 of the size 
of the presen t . The other component was not discernible for 
Ide Boer et alJ J 1 9971) - because their sample had only few data 
points at z > 2 kpc. 

For small z the distribution is less well known. Here selec- 
tion effects come into play (see Sect. l2.1.Tl . 

4.2. Effects of Errors 

The effects of the errors of the input parameters, i.e. distance, 
radial velocity, a nd proper motion on the derived scale height 
was analysed by Ide Boer et al 1 d!997l) . They added errors to 
these quantities, and then computed the scale heights anew. 
The most important effect may be a systematic error in the dis- 
tances: the scale height would decrease if the distances were 
systematically too small, and vice versa. The effects of the 
other quantities are smaller, with the scale height being small- 
est when no error is added. As we expect similar effects on 
our sample, we did not repeat the error analysis but refer to 
Ide Boer etal.llfl99l). 

4.3. Scale height and galactocentric distance 

To see how the scale height results vary with galactocentric 
distance we cut the cumulative orbit file of our whole sample 
in bins in galactocentric distance (w) and determined the scale 
heights for each. In all bins (except the outermost bin m > 15 
kpc, where the inner, steep distribution is missing) both compo- 
nents were found; however the outer, shallow component was 
overwhelmed by the steep component and thus hard to iden- 
tify in the bins near m 8.5 kpc. The results for the scale 
height of the steep component is only marginally smaller than 
the result derived from all data points. Several aspects have to 
be taken into account here such as the increase in scale height 
with m and the increased number of solar like orbits in the cen- 
tral bins, two aspects which counteract each other because the 
latter orbits have a smaller vertical extent. Therefore no signif- 
icant trend with vr can be seen in the steep scale height. 

The extended, high z distribution is based on only a few 
stars. For this reason one does expect a large spread in the de- 
rived scale heights of the subsamples. Apart from this there is a 
trend from small to large scale heights with m. This is an effect 
of the diminishing gravitational potential with galactocentric 
distance. 

8 The intervals used for this component are slightly different be- 
cause of a disturbing spike in the one direction, which would some- 
what falsify the fit result. 
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4.4. Robustness of the scale heights, separating the 
different populations 

In order to test the stability of the values of our scale heights 
we made tests with different fit interval limits. Furthermore, to 
determine how the various components influence each other, 
we derived scale heights with various subsamples excluded. 

Shifting the lower and upper border of the fit interval of 
the steep component leads to a variation of the result of about 
100 pc. The choice of interval width used for fitting leads to an 
error of ~ 50 pc, which means that the derived slope and hence 
scale height is relatively robust in this respect. The fit intervals 
used to determine the slope have a larger influence on the Halo 
component because of various peaks caused by individual stars. 

The presence of the Halo component has some influence 
on the scale height obtained for the Thick Disk. Without it (se- 
lected using the results of Sect.|3J the scale height tends to 
be 100 - 150 pc lower. For the complete disk sample with- 
out the 17 stars classified as Halo members, we find a scale 
height of the steep component of 0.84+0.1 kpc instead of the 
0.98+0.1 kpc for the whole sample. For this reason the Halo 
component should be removed before calculating the scale 
height of the Thick Disk. 

Removing the stars with the coolest, i.e. most solar-like, 
kinematics (thus excluding stars with ecc < 0.15 and nze < 
0.15) leads to a slightly higher scale height of just over 0.9 kpc. 
Obviously the influence of Thin Disk stars is much lower. This 
becomes quite clear, when one considers that removing stars 
with a nze lower than a certain value only changes the distribu- 
tion in the middle. Therefore, the selection effects described in 
Sect. E.l.Tl do not play a significant role for the determination 
of the scale height. If the sample were complete for the low z 
stars, the central part would fill in and possibly result in a third 
perhaps still steeper component, representing the Thin Disk. 

The end points of the fit are more significant for the Halo 
component than for the disk part. This is expected as spikes 
in the distribution caused by individual stars are important - 
this subsample contains only 17 stars. On the other hand the 
influence of the disk on the Halo scale height is small. 

Another approach is to fit a 2-component function to this. 
This double exponential function (which accounts for the 
overlap in the region where both components are of similar 
strength) has the following form: 

In N(z) = ln(JV D)0 • e^ /ZD + N H>0 ■ e~ z/ZH ) (4) 

with the indices D,H referring to the Disk and Halo respec- 
tively. The resulting fit of this equation to the data is shown 
in Fig.|5] Here we used fitting intervals of [0.7,17] kpc and 
[-18,-0.7] kpc (shown in Fig.|9}. Varying the fitting intervals 
lead to the following results: Raising the lower limits causes 
the scaleheight to slowly rise. This trend was mainly caused by 
one side of the distribution, the other one did not change. The 
upper limit has the same difficulties caused by the spikes as in 
the single exponential fits. 

The resulting values for the scale heights are: 

z D =0.93+0.09kpc, 

z H =7.0 +0.5 kpc. 
This means that there is a difference of 0.09 kpc between the 



Table 4. Compilation of our results for the scale heights (zo) 
and mid-plane densities No for Thick Disk and Halo. The mid- 



plane density of the Halo 


is presented as 


the density ratio 


Halo and Thick Disk. 








Method 


Thick Disk 


Halo 




Zo 


No 


Zo 




[kpc] 


[%] 


[kpc] 


separate linear equations 


0.98 


1.3 


6.8 


2-component fit 


0.93 


1.2 


7.0 


adopted values" 


0.93 


1.2 


7.0 



" These values rely on the 2-component fit. 



Disk scale heights derived using population separation and the 
2-component fit. The difference between the two values for the 
Halo is as large as 0.5 kpc; this may be related to the effect we 
see for the Disk scale height, but as the values for the Halo are 
not very certain and depend much on the fit intervals, we do not 
further discuss the differences of the Halo scale height values. 
Reasons for this small discrepancy could lie in the fit, as the 
presence of the Halo component may have an influence on the 
derived value for the Disk, fitting intervals could still play a 
role here. 

To conclude, we consider the 2-component method the 
most trustworthy and finalise the value of the scale heights as: 
0.93+0.08 kpc for the Disk (or 0.9±0.1 kpc), 
7.0+1 .0 kpc for the Halo component. 9 

4.5. Midplane number ratio of the two components 
found 

The steep distribution has a peak value of In No = 10.3 and 
the shallow part peaks at In No = 6.5. Therefore the relative 
density of the shallow with respect to the steep component is 
1.25+0.25%. 

The zero point of the broad distribution has a large uncer- 
tainty because it relies on the data of relatively few objects. 
Therefore the ratio of densities is only an estimate. 

4.6. Discussion of results 

Our scale height study resulted in finding two components, one 
with a large and one with a moderate scale height. A compi- 
lation of the results with the different strategies described in 
the sections above, is given in Table|4] The latter scale height 
is with zo = 0.9 kpc very similar to that found for the sdB 
stars bv lde Boer et al.ldl997h . It is also similar to the det ermi- 
nations of the scale height of the Thick D isk (see e.g. Oiha 
11994 iKerber et alJboOll lChen et al.ll200ll and discussion be- 
low). Thus the steep component in Fig.|9]can be identified with 
the Galactic Thick Disk population. 

The analysis of the kinematics (Sect. |3 showed that there 
are some stars with solar kinematics. These stand out as an ex- 

9 This error is an estimate, but certainly more appropriate than the 
values derived from the difference of the two fits (upper and lower 
half) given above. The value for the Halo part varies more than the 0.5 
kpc when fitted under different fitting circumstances. 
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tra double peak in the centre of the linear distribution - also 
vaguely seen near the peak of the logarithmic histogram of 
Fig -El Presumably these and perhaps some more belong to the 
Old Thin Disk. 

The shallow, high z component represents a drastically dif- 
ferent population of stars. It is rather hard to imagine a popula- 
tion with such a scale height to be disk-like if one considers the 
Galaxy's radius being of the order 15 kpc. So we speculate that 
this component is actually a spheroid or an ellipsoid. To make 
significant quantitative statements about the shape of the dis- 
tribution of this population more stars are needed than the few 
which are discussed here. But this subsample clearly consists 
of members of the Halo. 

The density ratio of the Halo to the Disk component extrap- 
olated to the Galactic pla ne is 1 .2% (se e Tabled This value is 
of course quite uncertain. iKerber et a J J200ll) found a d ensity 
ratio of 0.2% for Halo and Thin Disk. lChen et all feOOll) found 
a local relative density of the Halo against the Thin Disk of 
0.125%, in total values between 0.05% and 0.4% are found. 
Our higher values for the Halo to Disk density is probably due 
to the fact that our Disk stars are rather members of the Thick 
than the Thin Disk (or a mixture of both). The literature val- 
ues for the Thick/Thin Disk density ratio range from about 5% 
to 10%. Assuming now a mean Thick/Thin Disk relative den- 
sity of 7.5%, and a Halo/Thin Disk ration of 0.15% (see above) 
the Halo/Thick Disk ratio becomes approximately 2.0%. This 
is - given the large spread in the literature values - rather sim- 
ilar to the value we derived from the sdB stars. Therefore the 
production rate of sdB stars seems to be of equal magnitude 
in both populations. Given the inherent different nature of stars 
in both Galactic components, such as metallicity, we conclude 
that these do not play a large role in the formation process of 
sdB stars. For the Thin Disk we can unfortunately not make 
any definite statement about the production rate of sdB stars in 
respect to the other populations. 

5. Discussion: kinematics and the population 
membership of sdB stars 

As shown in Sections [3] and |4] the sdB stars of our sample be- 
long to different populations. In this Section we want to discuss 
the different groups and implications for the evolutionary pro- 
cesses that lead to the formation of sdB stars and questions of 
Galactic structure. 

5.1. Kinematical biases 

Apart from the selection effects discussed in Sect. l2.1.T1 which 
are mainly caused by the sample composition, there are other 
effects resulting from the kinematics and orbital morphologies 
themselves. These therefore not only occur in studies of spe- 
cific object types but in any kinematic study such as the one 
presented here. 

Stars with different vectors of motion (in respect to the Sun) 
have different probabilities of venturing into the vicinity of the 
Sun (defined by the observable range of this study). An object 
with a motion differing a lot from the solar motion will only 
stay in the solar vicinity for a short while; a star with a solar 



like orbit will remain there for a very long time. One the other 
hand an object of the "fast moving" type (i.e. relative to the 
Sun) has a greater probability of moving into the solar vicin- 
ity, because a "solar like" object, once it is outside the solar 
range, will stay outside for a long time. Presumably these two 
effects 10 compensate each other or nearly do so; therefore we 
do not expect significant skewness in our analyses caused by 
this. However stars with extreme kinematics might very well 
be affected. This especially applies to stars on retrograde orbits 
or in principle to stars orbiting significantly faster than the Sun. 

A similar phenomenon could occur when looking at the 
motion perpendicular to the Galactic plane. Here stars on polar 
orbits are presumably underrepresented in respect to stars trav- 
elling on an orbit with a smaller inclination angle. Therefore 
spherical populations such as the Halo may appear flattened 
somewhat when examining the distributions of their stars using 
the kinematics. The effect on disk-like populations such as the 
Disks should be of much smaller magnitude. Therefore we do 
not take it into account in the present study. 

We do not quantitatively analyse probable effects caused 
by the selection effects discussed in this subsection, because 
the focus of this study was to determine quantities like the scale 
height of the Disk, which is not as much affected by such a bias, 
and to find a possible Halo population. The number of Halo 
stars is too small to give more than rather crude values for the 
scale height and other quantities. However we do point out that 
in the future (when yet larger samples give us the opportunity of 
a more detailed analysis of the Halo population) it is certainly 
worthwhile if not essential to analyse and quantify the biases 
introduced by such phenomena. 

5.2. The Disk 

The vast majority of the sdB stars was found to belong to the 
Galactic Disk. While most stars have orbits of moderate ec- 
centricity and reach normalised z-heights (nze) of around 0.2, 
there are quite a few which have near solar kinematics, and 
are therefore more likely to be associated with the Thin Disk. 
Unfortunately, the sample composition prevents us from sep- 
arating the two populations unambiguously if these are sep- 
arate at all (see Sect. l2.1.H . The histogram in Fig.|3 shows a 
Thick Disk-like distribution with a Thin Disk peak. This im- 
plies that the stars of our sample come from both Disk com- 
ponents. Because of our result for the scale height and the ve- 
locity dispersions, we conclude that the majority of the sample 
belongs to the Thick Disk. 

On the whole most other studies arrive at values similar 
to what we found for the scale height and kinematics of the 
Thick Disk. There is however some disagreement among these 
studies conc erning the scale hei ght and hence the local rela- 
tive density. IKerber et alJ J200lh deriv e a scale height for the 
Thick Disk of between 0.8 and 1.2 kpc lRevle & Robinl ll200lh 
favour a value of 0.8 kpc. IChen et alJ d200ll) arrive at 0.58 - 
0.75 kpc but with a much higher local density of 6.5 - 13% 

10 This is in principle the old problem of the two clocks: Which one 
is better, a clock being slow (or fast) one minute per hour or one that 
is completely broken? 
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of the density of the Thick Disk. In contrast to those results, 
Reid & Maiewski ( 1993) find a scale height of 1.4 kpc, in this 
case the local density being not large, ~2%. As can be seen the 
values differ by at least a factor of 2. Our value of 1 kpc is only 
a little above the values obtained in most studies. 

The velocities and velocity dispersions are under much less 
dispute than t he scal e heigh t. Most studies arrive at values near 
those of Oih a et all i 19941) . i.e. ~ 50 kms 1 for each UVW 
component and a value of 175 kms~' for the mean orbital ve- 
locity of the Thick Disk. Our larger value for and <t@ is re- 
lated to the Thin Disk and Halo contamination. When we only 
consider stars with ecc < 0.55 thus excluding most of the Halo 
objects, we obtain values for <x@ of about 50 to 60 kms~' (see 
Table|3}. 

5.3. The Halo 

As described in Sect.[3] and @J the Halo component stars can 
relatively easily be separated from the Disk population. Of the 
complete sample of 114 stars, 16 (see Sect. l3.3.2l or ~15% 
form our Halo sample. It is approximately divided in half, one 
part having small orbital velocit ies, i.e. having orbits si milar 
to those of the HB stars of Altmann & de Boerl (J2.000), and 
the other, the high velocity component, having velocities far 
larger than that of the LSR. As can be seen in Fig.[8]there is no 
or only a small difference between the kinematics of the two 
groups. They represent orbits in different phases - the low ve- 
locity ones are currently near their apogalacticon and the others 
are close to the perigalacticon where is highest. Therefore the 
orbits of both groups of the stars of our sample cover different 
radial spaces in the Milky Way. That they form a bimodal ve- 
locity distribution rather than a continuum in our sample may 
be a consequence of the selection effects discussed in Sect. 15. II 
and the small number statistics. 

However some of the orbits of the high velocity group ex- 
tend very far out, further out than what is generally considered 
to be the limits of the Galaxy. Their orbits are rather transient 
than bound orbits. So one might speculate that the history of 
these stars is somewhat different than that of the low velocity 
Halo stars. 

It has long been known that stellar groups exist at distances 
large compared with what is regarded as the normal extent of 
the Milky Way. iHarrisI dl996h lists 9 globular clusters with a 
current galactocentric distance of more than 30 kpc, the most 
remote objects being at 100 kpc or more. lDinescu et aTl ( 1999a) 
have 6 objects in their sample of 38 globulars with kinematic 
data which go beyond 30 kpc. With one object (Pal 3) i n com- 
mon that makes 14 globular clusters of the 147 listed in[Harris 
Jl996l) . venturing that far. However not only globular clusters 
but als o field stars have been found that far from the Galactic 
centre. Ivivas et al.l d200ll) found ~ 150 RR Lyr ae stars at dis- 
tances of about 50 kpc and lYannv et"afl J2000!) found a large 
number of HBA stars forming a group or a stream at a similar 
distance. 

One of the Sun's neighbours, Barnards star 11 features an or- 
bit very similar to that of the stars of our "high velocity Halo". 

11 orbit calculated from Hipparcos data 



It travels to an apogalactic distance of 36 kpc, and has a of 
367 km s _I . So clearly this remote spatial regime is not unpop- 
ulated. 

Our group of Halo and high velocity Halo stars is too small 
to make definite statements about the origin and behaviour of 
distant stellar groups as a whole. However we speculate that 
two of our stars might have a common origin because their tra- 
jectories are quite similar and extreme. Analysing a larger sam- 
ple might therefore give insight into moving streams of Halo 
stars which are being incorporated into our Galaxy (see e.g. 
iHelmi & White! 19991) . 

5.4. Aspects of the stellar evolution history of sdB 
stars 

Apart from questions concerning the structure of the Galaxy, 
there are still aspects concerning the evolution of stars to 
sdB stars which have not yet been satisfactorily solved. This 
especially applies to their extreme mass loss leaving a He- 
core nearly completely stripped of all hydrogen. It has been 
suspected for a long time that a large part, or all, of the 
sdB stars are in fact products of binary evolution (see e.g. 
Ilben & Tutukovl fl987). with their unusually thin H-shell be- 
ing the result of mass transfer from the evolving primary (the 
star later turning into the sdB star). In fact many sdBs show 
a secondary component in their spectrum and also in their 
colour indices (see e.g.lTheill et al.ll994UTheissen et alJl995t 
lAznar Cuadrado & Jeffervll2002l) . As described in Sect. l2~XTl 
many, however by far not all (or even the majority) of the ap- 
parently single sdB stars have radial velocity variations reveal- 
ing an unseen companion, such as a low mass main sequence 
star or a white dwarf. This means that it is certainly not clear 
whether close binary evolution is the only way sdB stars are 
formed. 

A kinematical study does not as such prove or disprove a 
theory about stellar evolution. However our results show that 
sdBs occur in all locally observable older populations rather 
than in one alone. This means that it is unlikely that there are 
factors such as metallicity in play. Furthermore sdBs form from 
stars of a quite significant spread in mass and hence in age, and 
the formation times of Halo, Thick and Thin Disk are of ages 
differing by several Gyr. Therefore our results provide at least 
some support for the binary scenario. 

Dorman et afl (ll993l) have calculated models of horizon- 
tal branches for various metallicities ranging from very metal- 
poor to supersolar metallicity. These show a thinning out of the 
occupati on of the HB in the middle, increasing with metallic- 
ity. |D^CruzetalJ ([1996) have further enhanced these models, 
and tried to find an explanation for the extreme mass loss re- 
quired to make HBB and sdB stars. The models were calculated 
for masses of around 1 M and somewhat less massive for the 
metal-poor stars, taking into account that Halo stars are gener- 
ally assumed to be older than the more metal-rich stars of the 
Thick Disk and even more than those with solar metallicity. 

Our present work shows that sd B stars can be found in 

j II I 

all populations. The earlier work (Altmann & de Boer 2000), 

analysing the kinematics of all types of HB-stars in the temper- 
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attire range between the RR-Lyrae and the sdB regimes, came 
to the result that very few if any HBA stars are Disk stars (with 
relatively high metallicities) and that only few RR-Lyraes with 
near solar metallicities and disk-like kinematics exist. This is 
well in line with the models showing the deficiency in stars of 
the middle temperature range of the horizontal branch also in 
the data. 

The bottom line is that our results actually fit to both sce- 
narios, th e binary evolution as well as the RGB-peel-off mech- 
anism of ID' Cruz et alJ Jl99d) . Therefore we cannot prove or 
disprove one or the other, even both could be in play. A still 
larger low z-sample, which does not suffer from selection ef- 
fects against low z max stars (see Sect. l2.1.H could help an- 
swering this question. If the binary scenario is the dominat- 
ing process leading to the forming of sdB stars, then the ra- 
tio of sdB stars belonging to the Halo, Thick and Thin Disk 
should b e similar to that of other evolved stars. If, however, the 
lD'Cnizetalj ll996) scheme holds true, then sdB stars in the 
Disk should be a little more numerous than expected. A really 
large and complete sample is required to find such subtle dif- 
ferences. 



6. Conclusions and outlook 

In this study we demonstrated that there are not only sdB stars 
belonging to the Disk, but that also a Halo Population exists. 
The scale height of 0.9 kpc we derived for the Thick Disk is 
close to the middle of the range of values found in the literature. 
The trend in kine matics of stars along the horizontal branch 
described earlier (Altmann & de Boer 2000) is still obvious in 
spite of the fact that we found a number of Halo sdB stars in 
this current study. This hints to somewhat different routes in 
development from the RGB to the HB for stars which become 
HBA and stars become sdB. 

We have shown that sdB stars are a good tracer for the 
older populations. They are relatively numerous in the Thick 
Disk and present in the Halo. Some more problematic issues 
remain. Due to the binary nature (with the secondary compo- 
nent unseen) of a significant fraction of sdB stars, individual 
objects may have a measured radial velocity which is far off 
the actual systemic value. Another point is that we only had 
one first epoch position at our disposal. Therefore systemic ra- 
dial velocities and new (possibly satellite based) proper mo- 
tions should be obtained in the future. Apart from this, sdB stars 
at low Galactic latitudes should be included in a similar study, 
to investigate the Thin Disk population. Many more (even close 
by) sdB stars are not included, mostly because no measured ra- 
dial velocity is available (although some of these have Tycho 
2 or even Hipparcos proper motions). Analyses similar to this 
one could also be carried out for other HB-like objects, whose 
kinematics have not yet been studied in great detail. Studies 
concerning th e kinetic b ehaviour of white dwarfs are under- 
way (see, e.g. IPauli et al.lE003l) . Once satellite missions such 
as GAIA are completed, we will have a much larger sample 
with much more accurate data. This would enable us to confine 
principal morphological parameters very closely, and give us 
access to substructure in all populations discussed. 
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